We report the outcome of reduced-intensity allogeneic progenitor cell transplantation (alloPCT) for 188 patients with lymphoma from the Working Party Lymphoma of the European Group for Blood and Bone Marrow Transplantation (EBMT). The median age of the patients was 40 years, the median number of prior treatment courses was 3, and 48% of patients had undergone a prior autologous transplantation. Eighty-four percent of the patients received conditioning with fludarabinebased regimens and 10% with the BEAM (BCNU, etoposide, cytosine arabinoside, melphalan) protocol. Full donor chimerism was confirmed in 71% of 100 patients assessed. Acute graft-versus-host disease (GVHD) developed in 37% of patients and chronic GVHD in 17%. A disease response to donor leukocyte infusion (DLI) was seen in 10 of 14 patients. With a median follow-up of 283 days, the overall survival rates at 1 and 2 years were 62% and 50%, respectively. The 100-day and 1-year transplantationrelated mortality (TRM) rates were 12.8% and 25.5%, respectively, and were significantly worse for older patients. The probability of disease progression at 1 year for patients with chemoresistant and chemosensitive disease were 75% and 25%, respectively (P ‫؍‬ .001). The progressionfree survival at 1 year was 46% and was significantly better for those with chemosensitive disease, Hodgkin disease ( 
Introduction
Allogeneic progenitor cell transplantation (alloPCT) is a potentially curative treatment for patients in whom conventional therapy for lymphoma has failed, with up to 49% of patients achieving a long-term remission. 1, 2 The benefit of alloPCT was thought to be largely dependent on the intensity of the conditioning regimen prior to transplantation. 3 However, the high doses of chemoradiotherapy used cause substantial toxicity and a high transplantation-related mortality (TRM) rate of up to 40%. 1 For patients with comorbid conditions the TRM can be even higher and patients who have previously undergone a high-dose procedure have a reported TRM of 51% to 85%. 4, 5 Consequently, the number of patients with lymphoma who have been offered an allogeneic transplant has been small.
An additional benefit of alloPCT is derived from an allogeneic graft-versus-malignancy effect that reduces the likelihood of disease relapse following transplantation. 6 Although graft-versusmalignancy effect is best documented in chronic myeloid leukemia, there is evidence that an allogeneic graft-versus-lymphoma (GVL) effect also exists. 2, [7] [8] [9] To exploit the graft-versus-malignancy effect while reducing the toxicity of alloPCT, reduced-intensity progenitor cell transplants (RITs) have been developed. RITs use less toxic, reduced-dose conditioning that achieves sufficient immunosuppression, such that allogeneic donor cells may engraft. [10] [11] [12] [13] [14] Consequently, patient eligibility for alloPCT may be extended, the graft-versus-malignancy effect exploited, and additional donor leukocyte infusions (DLIs) administered for treatment of persistent or relapsed disease. The degree of myelosuppression achieved with RITs is variable, ranging from minimally myelosuppressive regimens such as fludarabine plus cyclophosphamide, which are nonmyeloablative, to more intense regimens such as BEAM (BCNU, etoposide, cytosine arabinoside, melphalan), which are not truly myeloablative but cause prolonged pancytopenia and therefore require hematopoietic stem cell transplantation. The immunosuppression used with RIT is also heterogeneous and is dependent on the use of purine analogues, in vivo T-cell depletion (TCD), and the dose intensity of cytotoxic agents used. Several reports have documented that RITs are associated with both a low TRM and a high rate of donor cell engraftment. [10] [11] [12] [13] However, there is limited experience with RIT for lymphoma [15] [16] [17] and it remains to be established which types of lymphoma may respond to such therapy. We have therefore conducted a retrospective study of the outcome of RIT in 188 patients with lymphoma reported to the European Bone Marrow Transplant (EBMT) registry.
Patients, materials, and methods
The EBMT is a voluntary organization comprising 525 transplant centers mainly from Europe. All EBMT centers were invited to contribute data to the current study. Data from participating centres were derived from both the EBMT database and additionally from questionnaires distributed to each center. Additional follow-up questionnaires were sent to obtain missing data and to confirm the presence or absence of graft-versus-host disease (GVHD). Patients included in the study received conditioning with regimens of an intensity equivalent to or less than that of BEAM plus fludarabine. Minimum data required for the inclusion of a patient in the study were age, histologic diagnosis, prior treatment details, status at transplantation, conditioning regimen, date of transplantation, date of follow-up, disease status at follow-up, date of disease progression or death, and cause of death.
Definitions
Histologic diagnosis was based on local review. Low-and high-grade lymphomas were classified according to the International Working Formulation. Transformed low-grade lymphomas were classified as high-grade lymphomas. Those with chemosensitive disease included all patients who had shown a response to the last therapy prior to transplantation (partial remission [PR] , complete remission [CR] unconfirmed, and CR); chemoresistant disease included those with primary refractory disease or refractory relapse prior to transplantation. Progression-free survival (PFS) was measured in months as the time from the day of transplantation until disease relapse/progression or death from any cause. Both relapse and progression were defined as disease progression with transplantation-related deaths being censored. TRM included all causes of death other than disease progression/relapse occurring at any time after RIT. Patients with progressive disease who died from transplantation-related causes were classified as TRM deaths. For the purposes of univariate and multivariate analysis the following groups were defined: no GVHD versus GVHD (acute GVHD grade I-IV, limited or severe chronic GVHD); regimen intensity low 
Statistical analysis
Probabilities of outcomes were calculated using the Kaplan-Meier productlimit estimate. Patient, disease, and transplant-related variables were studied for associations with outcomes by univariate analysis using the log-rank test and by multivariate analysis using Cox proportional hazards regression. All variables considered in the univariate analysis were studied in the multivariate analysis using a backward Cox multiple regression for each outcome. The final model was tested for interactions between variables. The proportional hazard assumption was tested for all variables in the selected models graphically and formally. The log of the baseline hazard rate was plotted against time for each variable level and the graph was examined for evidence of nonproportionality. Comparisons between models were done using the log likelihood test. Comparisons between coefficients were done using the Wald test. All statistical analysis were performed using Number Cruncher Statistical System (NCSS) software.
Results

Patient and disease details
Fifty-one transplant centers registered with the EBMT contributed data on 188 patients who underwent reduced-intensity conditioning with alloPCT between April 1996 and December 2000. Fifty-two patients had Hodgkin disease (HD), 52 had low-grade nonHodgkin lymphoma (LGNHL; including follicular small cleaved cell, follicular mixed small cleaved cell, and large cell and small lymphocytic lymphoma), 62 had high-grade NHL (HGNHL; including the B-lineage lymphomas: diffuse large B cell, centroblastic, immunoblastic, anaplastic large cell, and pre-B lymphoblastic (21) 19 (37) 3 (14) Untested relapse 3 (6) 4 (6) 5 (10) 3 (14) Table 2 lymphoma, the T-cell lymphomas: peripheral T cell, angioimmunoblastic, and pre-T lymphoblastic lymphoma, and 7 transformed LGNHL), and 22 had mantle cell lymphomas (MCLs). For the whole group of patients the median number of prior lines of therapy was 3 (range, 1-6 lines), the median time from diagnosis to RIT was 30 months (range, 3-289 months), and the median age at transplantation was 40 years (range, 2-65 years). Forty-eight percent of the patients (90 of 188) had undergone a prior high-dose procedure with autologous stem cell support. Patient and disease characteristics for LGNHL, HGNHL, HD, and MCL are given in Table 1 . At the time of RIT, 133 (71%) patients had chemosensitive disease, 40 (21%) had chemoresistant disease, and 15 (8%) were in untested relapse (Table 1) . Forty-nine patients (26%) were in CR at the time of transplantation including 12 patients with LGNHL, 19 with HGNHL, 11 with HD, and 7 with MCL.
Conditioning and allograft details
All patients received conditioning with reduced-intensity chemotherapy. Eighty-four percent of patients received fludarabine-based regimens and 10% of patients received the BEAM protocol (Table 2) . Fifty-five patients received alemtuzumab (Campath-1H) and 40 received antilymphocyte globulin (ALG) as pretransplantation immunosuppression. GVHD prophylaxis was achieved with cyclosporin with or without methotrexate in 182 patients and with additional ALG in 6. A total of 167 patients received a matched sibling allograft and 16 received a matched unrelated allograft. Five patients received a one-antigen mismatched allograft. Allogeneic stem cells were derived from granulocyte colony-stimulating factor (G-CSF)-mobilized blood in 158 patients and from bone marrow in 29 patients. One patient received both donor peripheral blood stem cells and bone marrow. The outcomes of overall survival (OS), progression free survival (PFS), transplant-related mortality (TRM), and disease progression (Prog) are given in percentages for each variable at 1 year after transplant. P values for the univariate log-rank test are given in parentheses.
HDT indicates high-dose therapy; PBSCs, peripheral blood stem cells; BM, bone marrow. *Fifteen patients were in untested relapse at the time of transplantation. †One patient received both PBSCs and BM. ‡Statistically significant. Only variables that were statistically significant in the multivariate analysis are given.
Engraftment and chimerism studies
The median time to both neutrophil recovery more than 0.5 ϫ 10 9 / L and platelet recovery more than 20 ϫ 10 9 /L was 13 days (ranges, 6-381 days and 11-1060 days, respectively). Ten patients died prior to neutrophil recovery. Chimerism studies were available on 100 patients of whom 71 were full donor chimeras (Ͼ 95% donor cells) at first testing (30-90 days after [RIT]), 28 were mixed chimeras, and 1 patient rejected the graft. On subsequent chimerism analysis one further patient had rejected the graft. Chimerism studies were available on 14 patients conditioned with BEAM of whom 9 were full donor chimeras, 4 were mixed chimeras, and 1 rejected the graft.
GVHD
Acute GVHD occurred in 69 of 188 patients (37%), being grade I in 24 (12%) patients and grade II to IV in 45 (24%) patients. Of 164 patients evaluable for chronic GVHD, 12 (7%) developed limited and 15 (9%) extensive chronic GVHD. GVHD was a contributory factor in the deaths of 11 patients. Of 95 patients receiving in vivo TCD with either alemtuzumab or antithymocyte globulin (ATG), 28 (29%) developed acute GVHD, whereas 54 of 93 (58%) nonrecipients of in vivo TCD developed acute GVHD (P ϭ .03; Table 4 ). In a multivariate analysis of risk factors for GVHD, TCD and sibling donor were both associated with a lower risk of GVHD (Table 5) .
Disease response to transplantation and DLIs
Eighty-three of 133 patients with chemosensitive disease had measurable disease prior to transplantation and were therefore evaluable for disease response to conditioning therapy. At 100 days after NST, of the 70 surviving patients, 30 (43%) achieved a CR, 2 (3%) were in PR, 25 (36%) had stable disease, and 3 (4%) had progressive disease. Of 40 patients with resistant disease at transplantation, 30 were evaluable for disease response (10 died before assessment) of whom 3 (10%) had achieved a CR, 4 (13%) had achieved a PR, 8 (27%) had stable disease, and 12 (40%) had disease progression. A total of 22 patients have received DLIs for either disease progression or disease persistence following their transplantation. Of these 22 patients, 8 received chemotherapy prior to DLI and were therefore not evaluable for a GVL effect. Ten of the 14 patients receiving DLI alone showed evidence of disease response to DLI and 6 achieved a CR.
Survival following transplantation
With a median follow-up of 283 days, 125 of the 188 patients were alive. The estimated overall survival (OS) at 1 and 2 years was 62% and 50%, respectively (Figure 1) . In a univariate analysis, chemosensitive disease, remission status, and disease category were significantly associated with OS ( Figures 2 and 3, Tables 3 and 4) . By multivariate analysis only chemosensitive disease was associated with a significantly better OS (Table 5) . By 100 days following transplantation, 24 regimen-related deaths were recorded (12.8%) and a further 17 regimen-related deaths occurred thereafter. The causes of treatment-related deaths included infection (n ϭ 20), idiopathic pneumonitis (n ϭ 8), GVHD (n ϭ 11), cardiac toxicity (n ϭ 1), and hemorrhage (n ϭ 1). There was no association between in vivo TCD and the risk of infection or death from infection (data not shown). A Kaplan-Meier estimate of the TRM at 1 year was 25.5% and 34.3% at 2 years ( Figure 4 ). On univariate analysis there was a significantly higher TRM for older patients (1 year TRM Ͼ 50 years old versus Ͻ 50 years old, 39% versus 22%, P ϭ .03) and those who had received more than 3 lines of prior therapy (1-year TRM Ն 4 lines of therapy versus Ͻ 4 lines of therapy, 39% versus 16%, P ϭ .04). There was a nonsignificant trend to a higher TRM in patients with MCL, patients receiving matched unrelated donor (MUD) allografts, and those with chemoresistant disease (Tables 4 and 5 ). In vivo TCD and the intensity of the conditioning regimen were not associated with TRM. By multivariate analysis only patient age over 50 was a significant predictor of TRM (Table 5) .
Disease relapse and progression
Disease relapse or progression occurred in 46 patients following transplantation and 20 patients have died from progressive disease. The median time to disease progression was 144 days for those with chemoresistant disease at the time of transplantation and 417 days for those with chemosensitive disease. The estimated risk of disease progression at 1 year for patients with chemoresistant disease was 71% and for those with chemosensitive disease 23% (P ϭ .001; Figure 5 and Table 4 ). The 1-year probability of disease progression was 21%, 47%, 29%, and 48% for LGNHL, HGNHL, HD, and MCL, respectively (P ϭ .03; Figure 6 and Tables 3 and 4 ). The differences in progression rates between these disease categories were not significantly influenced by disease chemosensitivity prior to transplantation (data not shown). There were no cases of disease progression in patients receiving MUD allografts, whereas the 1-year probability of disease progression in recipients of sibling allografts was 37%. By multivariate analysis only disease chemosensitivity was associated with disease progression after transplantation (Table 5) . One hundred patients remain alive and progression free at follow-up. The estimated PFS at 1 year was 46% and at 2 years was 30% (Figure 7) . Chemoresistant disease at the time of transplantation was associated with a significantly worse PFS at 1 year of 19% compared to 55% for those with chemosensitive disease (P ϭ .005; Figure 8 and Table 4 ). The 1-year PFS rates for LGNHL, HGNHL, HD, and MCL were 61%, 32%, 55%, and 31%, respectively (P ϭ .009; Figure 9 and Table 4 ). By multivariate analysis only disease chemosensitivity was significantly associated with PFS (Table 5) .
Discussion
This study reports the outcome of reduced intensity alloPCT for the largest cohort of patients with lymphoma reported to date. The patients had advanced disease and many had undergone a prior high-dose procedure with autologous transplantation. Despite these poor risk features the TRM was low relative to conventional allografts and good disease control was observed in patients with chemosensitive disease, HD, and LGNHL.
There have been several reports of RIT for lymphoma involving small numbers of patients. 9, 10, 13, [15] [16] [17] The cohort of patients reported here had relatively advanced disease compared to both patients reported in other studies of RIT 10, 15 and to those treated with conventional allogeneic transplantation. 1, 18 Many of the patients in the current report had received multiple lines of therapy or had undergone a prior high-dose procedure with an autologous stem cell transplantation and 21% of patients had refractory disease at the time of allografting. Consequently, this cohort of patients had a high risk for both transplantation-related toxicity and disease progression.
A variety of different regimens are currently used as conditioning for RIT. [10] [11] [12] [13] [14] [15] Although fludarabine-based regimens are most widely used, we have also included in this study patients who received the more intensive BEAM protocol. Autologous hemopoietic recovery may occur following BEAM 19 and mixed chimerism develops in a substantial proportion of patients 20 conditioned with this protocol. BEAM also offers the potential of greater disease control with acceptable toxicity as demonstrated in the autologous transplantation setting. However, conditioning with BEAM did not significantly affect outcome in terms of TRM, PFS, and OS in this study. Further, we were unable to demonstrate any influence of the intensity of the conditioning regimen on TRM or the relapse rate and it remains to be established which regimen is the optimal conditioning prior to RIT. Patients with more aggressive lymphomas may require intensive regimens to achieve adequate disease control prior to the development of any GVL effect, whereas patients with indolent lymphomas may benefit from less intensive regimens. However, prospective multicenter studies will be required to define the optimal conditioning regimens in these uncommon diseases. The extent of immunosuppression achieved with RIT is also variable and dependent on the chemoradiotherapy used and the use of in vivo TCD but must be sufficiently immunosuppressive to facilitate allogeneic engraftment. Donor engraftment was achieved in the majority of cases studied, confirming that allogeneic engraftment may be consistently achieved using RIT regimens in patients with lymphoma. 10, 12, 13 In conventional allografts increasing the intensity of immunosuppression is associated with delayed immune reconstitution, a higher risk of infection, and a reduced GVL effect. In this study the use of in vivo TCD had no influence on the risk of infection, death from infection, or disease progression although it was associated with a lower risk of GVHD. Further research is required to characterize immune reconstitution following RIT and its relationship to both infection and disease progression.
Conventional allogeneic bone marrow transplantation is associated with a TRM of 40% to 50% in patients with HD, 2 40% in patients with NHL, 1,2 and up to 80% in patients who have undergone a prior autograft. The TRM of 34% at 2 years in this study was therefore lower than that observed with conventional allografting but in excess of that reported for RIT in other studies. 10, 11, 13 In particular, the TRM for patients with HD undergoing RIT was low when compared to conventional allografts. Patient age, prior therapy, and donor relationship are significant determinants of TRM following conventional allografting and in this study the TRM was worse for patients over 50 years of age or those in receipt of more than 3 lines of prior therapy. However, the TRM was similar for patients undergoing an RIT as either a first or second transplantation and confirms that prior autografting should not exclude patients from RIT. In comparison to conventional alloPCT, RITs are generally well tolerated in the immediate posttransplantation period but late transplantation-related deaths are significant and suggest that prolonged and intense follow-up is required and that additional strategies to prevent infectious complications should be developed.
Acute and chronic GVHD occurred in 37% and 17% of patients, respectively, and was responsible for 10 deaths. The development of GVHD depends on several factors including the alloreactivity of the donor lymphocytes and tissue damage induced by the conditioning regimen and is reported to occur in 50% to 80% of conventional allograft recipients. 18 The incidence of GVHD following NST remains significant with 38% to 60% of patients developing grade II to IV acute GVHD, 10-12 but a low incidence of GVHD has been reported in patients undergoing RIT where alemtuzumab was incorporated in the conditioning regimen. 13 The low incidence of GVHD in this study may therefore relate to the large number of patients who received in vivo TCD with either alemtuzumab or ATG.
Chemoresistant disease has been previously identified as a predictor of poor response to allografting 1, 2 and in this study the effectiveness of RIT in controlling disease was dependent on disease chemosensitivity at the time of transplantation. Thus, patients with chemoresistant disease responded poorly to the conditioning therapy and the majority of patients had evidence of disease progression by 1 year following transplantation. The reduced-intensity conditioning used in RIT places a greater emphasis on the graft-versus-malignancy effect. However, the beneficial effects of graft-versus-malignancy develop over several months and DLIs are generally avoided for at least 2 to 3 months following allografting because of the high risk of GVHD. 21, 22 Thus, with a median time to disease progression of 144 days in this study, most patients with chemoresistant disease are therefore unlikely to benefit from any GVL effect. Disease progression was also more marked in patients with MCL and HGNHL such that additional strategies may be required to achieve control of such aggressive diseases. However, the small number of patients receiving and responding to DLI included patients with HGNHL, LGNHL, and HD, suggesting that a beneficial GVL effect may exist in these diseases. The absence of any relapses in patients receiving MUD allografts is also suggestive of an allogeneic GVL effect. Whether GVL activity is significant for patients with chemosensitive disease will require a longer period of follow-up to determine the relapse rate and the effect of DLI. It is imperative to establish, through multicenter trials, the optimal conditioning regimens for disease control and to develop additional strategies to enhance any GVL effect.
